INTRODUCTION
Declarations of environmental performance are currently of great interest to industry and their customers because of growing awareness of environmental protection and government legislation. Thus, setting sustainability goals and moving toward sustainable manufacturing enhances competitiveness of companies in the market. This brings about the need for documentation of their environmental performance using recognized standards, which will guarantee that the information provided is reliable, is easy to understand, and uses scientifically accepted methods, such as life-cycle assessment (LCA).
LCA is a well-established and widely recognized method for sustainability assessment and environmental performance reporting that has been used for decades. LCA allows quantification of overall environmental impact of a product or service throughout its life cycle, and it is currently used for both documenting environmental performance and as a driver for progress toward sustainable production. The International Organization for Standardization (ISO) developed an approach for conducting LCAs as a part of standardization efforts [1] , [2] . The LCA tool is composed of four stages: (1) goal and scope, which details the purpose and scale of the project; (2) life-cycle inventory (LCI), which covers data collection and measurement of environmental inputs and outputs; (3) life-cycle impact assessment (LCIA), which aggregates LCI outputs to estimate specific environmental and human health impacts; and (4) interpretation, which interprets what is occurring and what can be done to improve the environmental performance of the studied product.
Although LCA is a well-developed and comprehensive method including detailed data analysis, the results from different LCA studies are not always comparable or objective. Environmental product declarations (EPDs) are developed to address these issues and for declaration of environmental performance based on a standardized, common methodology used for performance evaluation. EPDs are third-party-verified documentation of environmental performance that follow a scientifically accepted and objective methodology detailed by a product category rule (PCR). EPDs are generated in accordance with ISO 14025 type III environmental declaration reference standards that describe the principles and procedures of EPDs based on LCAs performed in line with ISO 14040/14044 standards [1] - [3] . In the United States, to support development of sustainable supply chains for wood products, EPDs have been developed for many structural wood products in alignment with the North American structural and architectural wood products PCR [4] , [5] . Wooden pallets are not considered structural or architectural. Therefore, they do not fit within the North American wood product PCR [4] and thus require their own PCR to be developed for objective comparisons, which will be discussed in more detail later.
Wooden pallets used for shipping are a critical component of the complex global supply chain of many products. And, with growing use of EPDs by companies aiming to improve their competitiveness and enhance their supply chain sustainability, the need for reporting verifiable environmental performance in the wooden pallet industry also increases [6] , [7] . Therefore, the goal of this study is to develop a sectoral cradle-to-grave LCI and perform an LCIA to assess the environmental sustainability of wooden pallet manufacturing. Using the LCA developed in this project, the National Wooden Pallet and Container Association (NWPCA) will create a wooden pallet EPD for a general multiple-use-type wooden pallet. The resulting document will provide guidance to the wooden pallet sector for environmental performance assessment and will enhance knowledge for developing EPDs in this industry. This paper presents the methodology used for providing guidance and resources for the wooden pallet industry to perform an LCA and roadmap to develop EPDs. This is the first study of this type to link LCA and EPD development together because of the inherent complexities of wooden pallet production, sizing, usage, reparability, and durability.
2 BACKGROUND Wooden pallets are used for handling, shipping, and storing a variety of goods. Currently, more than 1.8 billion pallets are in service in the United States [8] - [12] . LCA has commonly been used for wooden pallet manufacturing supply chain sustainability assessment [13] - [19] . There have been a number of studies investigating the environmental impact of pallet repair and remanufacturing and the recovery phase of the supply chain [20] , [21] . There are some reports presenting comparative analyses of wooden and plastic pallets [22] , [23] . But, the increasing interest for verified and standardized environmental data reporting highlights the opportunity for the wooden pallet industry to develop EPDs. Yet, EPDs are developed according to sectoral PCR, which defines the rules and requirements for EPDs specific to a certain product. PCR provides the guidelines or framework for LCAs, enabling the transparency and comparability between different environmental assessments for the same product. PCR development can be aided by previous PCRs [3] . Unfortunately, no current wooden pallet PCR exists globally, although work has been started by the International EPD ® System (www.environdec.com). However, this work currently only focuses on non-construction (primary) wood production, but it may eventually include pallet parts as secondary products and finally wooden pallets as a tertiary product. Thus, this nonconstruction PCR will not consider the entire supply chain as this project will. Therefore, the other objective of this ongoing study is to develop a PCR for wooden pallets, which will allow standardization of LCA for the wooden pallet sector and can be used in the preparation of EPDs. Consequentially, the results of this sectoral LCA study that will be performed will be used for the preparation of a wooden pallet PCR.
LIFE-CYCLE ANALYSIS METHODOLOGY

Scope of the study
The scope of this LCA study covers the life-cycle stages of wooden pallet manufacturing starting from forest resource activities through end-of-life. The cradle-to-grave system boundary include manufacturing, transportation, and re-use, recycling, or disposal of pallets ( Fig. 1 ). This study represents the US wooden pallet primary manufacturing and recycling sector, including analyses of wooden pallets with different feedstock material, i.e. softwood and hardwood, and focusing on multi-use pallets, because these products represent the US wooden pallet market [24] . This study does not include single-use or special-use pallets but instead focuses on general-use and reusable pallets. Reusable pallets are intended for more than one unit load. The infrastructure and manufacturing, maintenance, and disposal of production equipment used in the system is not considered within the scope of this study. The product-use phase, which includes transportation of goods using wooden pallets, is subject to great variability and uncertainty. Therefore, the use phase is also left outside of the scope of this study. Transportation of raw materials and new, recovered, and disposed pallets will be accounted for.
In this study, the ISO 14040 and 14044 international standards are being followed for application of LCA [1] , [2] . 
Functional unit
The functional unit is a measure of the function of the service or product generated by the system under investigation. It is used to normalize the material and energy inputs and outputs and environmental impacts of the system based on the function of the product. One of the main challenges in this study regarding the LCA-PCR development was to define a functional unit for the wooden pallet LCA that can be used for normalizing environmental burden of different types of pallets produced. The challenge was mainly caused by the wide range of designs, size, and carrying capacity of wooden pallets produced in the market. Variety in pallet designs and carrying capacity caused difficulty in durability assessment of multi-use pallets, which is the focus of this study. In addition, service life of a pallet is also highly variable depending on wood species, the use phase, and service environment conditions [25] . Handling and loading conditions have a significant impact on pallet durability and trip numbers [25] .
The functional unit selected was 1,000 pallet loads of product delivered using wooden pallets. The number of pallets required to make 1,000 trips will be calculated using the estimated trip number that a wooden pallet makes. Trip number is well suited to quantify multi-use pallets as a general metric for the various products of the wooden pallet industry. Yet, only defining the trip number that a pallet makes is not sufficient for normalization of the function because trip number depends on a variety of factors. To achieve a normalized functional unit, the trip number per wooden pallet will be estimated using FasTrack test protocol coupled with another test protocol used for durability assessment to minimize variability in the test results. FasTrack test protocol, developed at the Center for Unit Load Design of Virginia Tech University, will be used to quantify the average number of trips a pallet can make [26] . In this way, trip numbers a pallet can make will be identified by testing the pallet under investigation taking into account the design, handling, and loading conditions using a recognized test. Using this protocol to identify the functional unit for a pallet with a specific design and carrying capacity will allow analysis with unified and comparable measures.
Wood pallets are produced in various designs differing in size and dimensions of pallet components. The most commonly used wooden pallets in the United States' supply chain are Grocery Manufacturers Association (GMA) style pallets with specifications of 48 by 40 inches (1.2 by 1.0 m) and 2,800 pounds (1,270 kg) of maximum load-carrying capacity for a variety of support and handling conditions [11] , [27] . These pallet specifications will be used as the basis for industry-wide LCA analysis. There are two main categories of wooden pallet designs used in the United States: stringer-class and block-class assembly. The major functional difference between stringer pallets (Fig. 2 ) and block pallets (Fig. 3) is the number of openings accepting handling equipment. Block pallets are designed to have access for full four-way entry by forklifts and pallet jacks, whereas stringer pallets are designed for access on two sides. Stringer pallets can be converted to a partial four-way entry for fork lifts by notching the stringers. To take into account the different pallet designs and different feedstock material, three different pallet designs will be considered, representing the most typical designs manufactured by the wooden pallet industry in the United States. Three pallet types will be considered: hardwood stringer GMA, softwood stringer GMA, and softwood block GMA. In this study, FasTrack test protocol will be used to quantify average number of trips using 30 replicate tests for each pallet type investigated. 
System boundary
This project will consider the cradle-to-grave system boundary analysing the whole life cycle of a wooden pallet from resource extraction (cradle) to disposal phase (grave). The wood flow of a multi-use wooden pallet is presented in Fig. 1 . The system boundary showing the wood flow is established to represent the current production in the United States to cover different manufacturing processes. The system boundary begins with forest regeneration and ends at the end-of-life stage of a wooden pallet. The forest management and operations include site preparation and planting seedlings, forest management including fertilization and thinning, harvesting, transportation of saw logs to the lumber manufacturing facility, and lumber production. The lumber production stage includes production of rough sawn lumber. Wooden pallets are typically made of industrial-grade lumber. The pallet manufacturing phase covers common processes of pallet production, i.e. cutting of lumber to appropriate www.witpress.com, ISSN 1743-3541 (on-line) size and notching and assembly at the pallet manufacturing facility. Cutting of lumber to size may be performed at the lumber manufacturing facility, yet it is considered in the pallet manufacturing system boundary. Depending on the desired use of the product, some additional processes may be included in the system boundary such as heat treatment or stamping. Heat treatment may be used to comply with International Standards for Phytosanitary Measures No. 15 (ISPM 15) [28] , if pallets are used for international consumption, or it may be done because of customer request.
Data collection and quality
The study will investigate the current state of wooden pallet manufacturing in the United States using up-to-date sectoral data from at least 20% of the production of the US wooden pallet industry. Industry-wide LCI will be generated based on the primary data. Primary data collected through survey questionnaires sent to wooden pallet manufacturing plants and recycling facilities in the United States will be based on annual production for year 2016/2017. Primary data are those measured and collected in-person and on-site. Secondary data for processes not specifically pertaining to wooden pallet operations described in Fig. 1 , such as fuel and electricity production, will be derived from peer-reviewed literature and LCI databases including the DATASMART LCI package [29] , [30] found with the LCA modelling software. Data collection is the most time-consuming part of an LCA, and its quality is paramount to generating the best outputs. Mass and energy balances for each facility along with overall sector balances will be conducted to ensure appropriate data quality.
Life-cycle impact assessment
LCIA aggregates the LCI flows into critical environmental impact categories. The impact categories to be examined in this study include global warming (GW) (kg CO2-eq), acidification (kg SO 2 -eq), eutrophication (kg N-eq), ozone depletion (OP) (kg chlorofluorocarbons-11-eq), smog formation (kg O 3 -eq), human health (CTU), and eco toxicity (CTU). Among the available methods for the LCIA, the Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts (TRACI) will be used in this study [31] . TRACI is a midpoint level impact assessment model developed by the US Environmental Protection Agency and is specifically representative for the United States using input parameters consistent with US conditions.
Next steps
The initiative between the USDA Forest Service, Forest Products Laboratory (FPL) and NWPCA as part of a memorandum of understanding is to develop an LCA for the wooden pallet sector. In addition, FPL will support NWPCA in developing sectoral EPDs to fill the information gap in objective and comparable environmental assessments of wooden pallets. Future work includes taking steps toward the creation of the PCR committee and development of wooden pallet PCR that is applicable to the different types of wooden pallets manufactured. This work will be performed in parallel with the sectoral wooden pallet LCA study that will form the basis for the PCR document. 
